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DescrtpUon 

Lymphokfnea such as Interferons (herernafter sometimes abbreviated as IFNs) and Interl«uHn.2 
5 X'JSSZ^'T T^^T^ "Z-^) have been considered to be of Sn£ 3eS^^^^ 
: L madgnandes and recent technological advances In genetic englneedna hLVirwde h 

in principle possible to produce such lymphoklnes on la^e scalea. However, it Is knSS? KeT^^^^ 
of lymphoWnes admiriistered to the living body Is in general very short In the case crfrmXwnes deX^ 
from heterologous enimats, it is anticipated that antibodies ma^be produced Inso^i iiK^^^ 
««verereacHonsuchasana^^^^^ 

antigenicity. To achieve this object, chemical modificatfon of lymphoklnes is a very effective means. Such 
"'*^^"J* ^ clearance In the living body, decreased antigenicity 

t^m^tTji I5f S"*^ physio ogteal activity. From tiie practical viewpoint tfie significance of chemical 
modification of h^mphoklnes is thus very great. 

w Generally, in chemically modified physioiogically active proteins, s mettiod Is required by which said 
proteins can be chemically modified while retaining their physiologicsl activity. Polyethylene glycol methyl 
ether Is wnsidored to have no antigenicity and therefore Is used In chemical modification of proteins. The 
iS!?^ u" ^ substance into proteins Is generally performed by way of tiie intermediary of cyanuric 
chlorida However, cyanuric chloride Is toxlcperse and the possible toxicity of its degradation products in 

io v/wremalns open to question. Therefore, cyanuric chloride should be used with caution. Furtiiermore, tiie 
^•!^"J"^^^ requires a pH on the alkaline side and tiierefbre the abovs^entioned meUiod of 
modfflcation has a drawback In ttiat It cannot be applied to protelna liable to inactfvation under alkaline 
conditions. 

as. Patent No, 4,002,631 discloses a mettiod of producing monoaikylpolyethylene glycol derivatives 
^8 Of eniymes. However, the metiiod disclosed therein, which uses sodium borohydride at pH aB, when 
applied to lymphoklnes, may possibly destroy the physiological activity of lymphoklnes and ttierefore 
cannot serve as an effective metiiod of production. Furthermore, said patent specification does not any 
suggestion m to the effect of deieying the in vivo clearance of the enzyme derivath/es. Such effect is 
therefore unknown. 

30 There is also known a metiiod of introducing a low molecular aldehyde such as formaldehyde, 
acotaldehyde, benzaidehyde or pyridoxai into physioiogically active proteins in tiie presence of a 
boron-contalning reducing agent [iVIettiods In Enrymology, 47, 469-478 (1977); Japanese Patent 
Unexamined Publication No. 164,598/831. However, application of said metiiod to lymphoklnes falls to 
achieve efftoh^e delay In clearance. A substantial decrease in antigenicity cannot be expected but ratiier It 

ss is possible that the low molecular aldehyde introduced may serve as a hapten to tiiereby provide said 
lymphoklnes with Immunogeniclty. 

The present inventors studied intensively to overcome the above difficulties and have now completed 
the present Invention. 

This Invention provides chsmlcally modified lymphoklnes having polyetiiylene glycol of the fomiula 

M^Hr-CHrh (I) 

wherein R is a protective group for tiie terminal oxygen atom and n is an optional positive Integer, bended 
oirectiy to at least one primary amino group of the lymphoWne moiety and a metiiod of produclna tiie 
4$ same. * 

In tiie present speciffcation. the term "lymphoWne" Includss soluble factors released from 
lymphocytM and Involved In cellular immunity and substances equivalent tiiereto In physiological activity. 
I ''J"?'J,"« 'y^P^oW"w fnay be geneticelly engineered products, products derived from various 
80 to thero humane and further Include substances similar In structure and In physiological activity 

I-* V?'? """^ ^ mentioned various Interferons (InterfsronKi (IFN-e), fnterferon-B (IFN-8), 

interfisron.Y (IFN-y)j, macrophage differentiating factor <MDF), macrophage activating factor (MAF), 
tissue plasminogen activator, and substances similar In structure and in physiological activity to titeae. 
«f "['P'w of «W substances similar In structure and In physiological acth/ity are substances having 

^ mllT^^^I^JlL^!^''^ of 2 to 4 amino acids at the N-terminal tiiereof |PCT/JP84A)0292, 

SL!f«t"^!^»I!S^*'T'T in tfie C terminal portion of IFN-y (e.g. 15K species; EPC 

Patent Application No. 84111133J), substances having tiis structure of IL-2 except for tiie lack of ttie 
N-terminal amino acid tiiereof (EPC (laid open) 91639) or tiie lecfc of 4 amino adds from tiie N^ermlnal 
Javanese rWtAppH^ 158-235638. filed December 13, 1983) and substances having tiie structure of 

60^ iL-z except ^r ttie lack of one or more constituent amino acids witii or wfthout one or more substitute 
amuw adds In ^ace of said mteing one or ones, for example the IL-2 aitislog containing serine In lieu of the 
12Gti) amino add cysteine (EPC (laid open) 104798). 

ftA«S?mt"2J.'"I**"? *vn«phoWnes are IFN-a IFN-y [consisting of 146 amino acids (EPC (laid open) 
SS^Si '"!;2ft N-torminal amino acids (IFN-y d2), IFN-y lacking In tiiree N-terminal arnino 
0 acids (IFN-Y d3), and IL-2.: 
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The lymphokines to be used in the practice of the invention preferebly have a molecular weight of 
5,000 to 60,000, more preferably 10,000 to 30,000. 

The primary amino group of lymphoWnee Indudea the N-temilnal a-emlno group and the e^amlno 
group of the lysine reaidue. 
5 Refening to the group represented by the above formula (I), the terminal oxygen-protecting group R la, 
for example, an alkyl or alkanoyi group. The alkyl group Is preferably an allcyl of 1 to 18 carbon atoms, more 
preferably a lower (C1.4) atlcyl, such as methyl, ethyl, propyl, i-propyl, butyl, l-butyl, sec-butyl or t-butyL The 
alkanoyi group la preferably an alkanoyi of 1 to 8 carbon atoms, more preferably a lower (Ci^) alkanoyi, 
such as formyl, acetyl, propionyl, butyryl, 1-butyryl or caproyl. The positive Integer n fs preferably not more 
fo than 600, more preferably 7 to 120. 

The group of formula (I) preferably has a molecular weight of not more than 25,000, more preferably 
350 to 6,000. Prom the viewpoints of physiological activity retention and clearance delaying effect, the 
group of formula (I) preferably haa a molecular weight conresponding to 1 to 10%, more preferably 2 to 5% 
of the molecular weight of the lymphoMne to be modified. 
'5 The chemically modified lymphoklnes according to the invention have the group of formula (1) directly 
bonded to at least one of the primary group of the corresponding lymphokinea. 

When the N-termlnal o-amfno group Is the only primary amino group In the lymphoUne to be 
modified, the modified lymphoklne haa the group of fonmula (I) directly bonded to said amino group. When 
the lymphoklne to be modified has one or more lysine residues In Its molecule, the modified lymphokine 
20 haa the group of formula (I) directly bonded to some percentage, preferably 15 to 80% (on the average), of 
said s-amino groups, in this case, the N-termlnal a-amino group may have or mey not have the group of 
fbrmula (I) directiy bonded thereto. 

The chemically modified lymphoklnes according to the Invention can be produced, for example, by 
reacting a lymphoklne with the aldehyde of the formula 

26 

R4O-CHaCHr4!FT0-CHaCH0 (II) 

wherein R and n are as defined above, in the presence of a reducing agent 

As the boron<ontainlng reducing agent to be used as conducting the reaction, there may be 

30 mentioned sodium borohydrlde and sodium cyanoborohydride. Among them, more preferred Is sodium 
cyanoborohydride from the viewpoint of selectivity of reaction or possibility of carrying out the reaction In 
the neighborhood of neutrality. 

In carrying out the reaction, the aldehyde (II) Is used in an amount of about 1 to 10,000 moles per mole 
of the lymphoklne, and the boron-containing reducing agent is used In an amount of about 1 to 100 moles 

so per mole of the lymphoklne. The degree of modification can be selected as desired by varying the mole 
ratio between lymphokine and aldehyde (II). The solvent to be used In carrying out the Invention may be 
any solvent which does not disturb the reaction and Is, for example, a buffer such as a phosphate or t>orate 
buffer. An organic solvent which does not inacUvate lymphoklnes or disturb the reaction, such aa a lower 
alkanol (e.g. methanol, ethanol, l-propanol) or acetonitrile, may be added. The reaction may be conducted 

40 within a broad pH range of 3 to 14 but Is preferably performed In the vicinity of neutrality (pH 6.5— 7.5). The 
reaction temperature may be selected within a broad range of 0° to Sorc, preferably 0* to 50°C, so as not to 
cause denaturatlon of lymphoklnes. A period of 0.5 to 100 hours, generally 10 to 80 hours, will be auffldent 
for the reaction. The desired, chemically modified lymphoklnes can be obtained by purifying the reaction 
mixture by dialysis, salting out, Ion exchange chromatography, gel filtration, high performance liquid 

40 chromatography, electrophoresis, or the like ordinary method of purlfyif>g proteins. The degree of 
modification of the amino group or groupa can be calculated by acid degradation followed by amino acid 
analyalSr for Instance. 

The above-mentioned aldehyde (II) can be produced from an ethylene glycol derivative of the formula 

„ R4O--CHaCHr)i«0H (III) 

wherein R and n are as defined above, for instance. TTie following is a method of producing the same which 
Is advantageous In that the production of the corresponding tryproduct cartx>xyl{c acid Is little. 
Thus, die compound (III) is oxidized with pyridinium chlorachromate In a haloalkane solvent such as 

ss methylene chloride or chlorofomi. In this case,, pyridinium chlorochromate is used in an amount of 1 to 3 
molea per mole of compound (III) and the reaction la carried out at -10^ to 50°C, preferably at room 
temperature, for 1 to 30 hours. 

Treatment of compound (111) (n-1) with potassium butoxtde In t-butanoi followed by reaction with a 
bromoacetal and treatment with an add such ^ an organic acid (e.g. trifiuoroacetic add) or an inorganic 

60 add (e.g. hydrochloric or aulfuric add) can also give the corradpw/.dlng M^hyda (II) which is longer In 
chain length by— O— CHaCHr—than compound (ill). In thia case, 10 to 30 molea, per mole of compound 
(III), of potassium t-butoxide is added to the above compound and, after dissolution, 3 to 15 moles, per 
mole of compound (III), of a bronrK>acetal la added, followed by reaction at 10* to 80^ for 0^ to 5 hours. 
After treatment of the reaction mbcture In the conventional manner, the product la dhiaolved In a dilute 

00 aqueous solution of the above-mentioned add, followed by heating fdr 6 minutes to 2 hours. 
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charSjII^a'!?!!? '"''^^'^ purfflcatlon procesa conventional In the field of 

S& «rtnictlon, concentration, recrystallteation, repreclpltatloa chromatography and/or 

g «j«,il!^t^*2'"*^"y.w lymphoWnee according to the Invention have useful physiological actlvitlea 
Shell! corresponding known, unmodified lymphoktnes and are useful as drugs, among 

modified tymphoklnes according to the Invention exhibit delay in clearance In vivo as 

S^?*!!?^ .o JlT !!r?*V*"*lt ^ ""'"o^'fl^*^ lymphoklnes and are low In toxicity and antigenicity 

^0 f^^pJTkln^s. purposes and In the same manner as in the case of known 

The chemically modrffed lymphoklnes according to the Invention can usually be administered to 
mammals (monkey, dog, pig, rabbit, mouae, human) either orally or parenteraliy in the form of appropriate 
pharmacei^cai composi^ons prepared by using carriers, diluents, etc., which are known in themselves. 
. -Jrl"' 'n«tance, chemically modified IFN-a according to the Invention, when used ss an antiviral 
V^^^ 7 recommendably administered to human adults once a day by intravenous injection fn a dose of 
ixnr to ixigr international units. 

In the P'^fwrt «P9^^«itlon, the amino acids, when referred to by abbreviations, are abbreviated 
according to IUPA(MUB (Commission of Biological Nomenclature). «r^vi«wa 
The transformant fijcAewyj/a co//294/pHmrpnoi-d2 aa disclosed hereinlater In a reference example 
has been deposited with Institute for Fermentation, Osaka (IFO) under the deposit number IFO-143S0 snd 
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Since June 8# 1984, with the Fermentation Resesrch Institute (FRI), Agency of Industrial Science and 
Technology, Ministry of International Trade and Industry under the deposit number FERM BP-703 under 
Budapest Treaty. 

The strain £sch9rfeMa coif DH1/pTF4 has been deposited with the Institute for Femientatlon, Osaka 
b™*® deposit number IFO-14299 and, since April 6, 1984, with the FRI under the deposit number FERM 
BP-B28 under Budapest Treaty. 

Brief description of drawings 

Rg. 1 shows the clearance-delaying effect In rat plasma as disclosed fn Example 1 (Iv), The 

30 mMsurement results obtained with the chemically modified IFN-a according to the invention aa produced 
In E)«mple 1 (i) ere indicated by Q (enxyme immunoassay) snd □ (antiviral activity assay), and the results 
obtahried with rtFN-oA used aa a control by # (enzyme immunoassay) and ■ (antiviral activity assay). 
I -.1 clearance-delaying effect In rat plasma as disclosed In Example 3 (II). The data 

Indicated by A, □ and # are the enzyme Immunoassay data for compound No. 8, compound No. 2 fTable 

35 1) and control riFN<U\, respectively. 

o^^' construction scheme for the expression plasmid pHrrtrp1101-d2 disclosed in 

Reference Example 3 (I) and Rg. 4 the construction scheme for the expression plasmid pLC2 disclosed In 
Reference Example 4 (1). 

40 Best mode for carrying out the Invention 

The following working examplea and reference examples illustrate the Invention In more detail but are 
by no meana limitative of the Invention. 

Exemple 1 

4S Production of potyethylane glycol methyl ether-modffled IFN-a 

(DA 5-ml(4*8 mg as protein) portion of a solution of IFN-a (riFN-aA) was dialyzed against 0.2 M 
phosphate buffer (pH 7.0) and 0.16 M sodium chloride at 4«C for 12 hours. To the dialyzate taken out. there 
^.^^ . «Te polyethyfeneglycol methyl ether aldehyde (average molecular weight 1,900) (260 mg) 
obtained In R^Brme Example 1. Then, sodium cyanoborohydride (140 mg) was added, and the mixture 

50 was stirred at 37^ for 40 hours. The reaction mixture was poured into a Sephadex G-76 column (3.0x43.0 
cm) and develop^ with 26 mM ammonium acetate buffer (pH 6.0) and 0.15 M sodium chloride. The eluate 
was collected In 6-mI portions. Eluate fractions (100—160 mi) containing the contemplated product were 
combined. Assaying by the Lowry method using bovine semm albumin aa a standard revealed that the 
protein content In the combined fractions was 84 ug/ml. Amino add ratios In add hydrolysate (6 N 

« I^n JS^**Al^^',!f ^l^""'* ^P' f^2); Thr, 10.4 (10); Ser, 16.0 (14); Glu, 24.8 

MdO); Ly8,ej6; Hte, 3.8 (3); Arg, ai (9); Cys, Trp, decomposed. In view of the fact that rlFN-oAcontalna 11 
• *° ® conduslon that about 41% of Lya residues In Interferon a had been 

modffled at the e-amino group with the polyethylene glycol mettiyl ether (average molecular weight 1,900). 
^ 2*J2f^e^ i.Hll!.?"'**"** determined by the enzyme immunoassay method (Methods In Enzymology, 
^l^^rf^^ W ^ 1.61X10' international unlta/mg and the antiviral activity as determined by tite 
IT!?^ f.Sfi?*' Joumel of Virology, 57, 765^758 (1981) waa 0.57x10' International units/hrg. This 
;if^' ^ submitted to a clearance test In rats aa mentioned later herein. 
(H) Using 100 ntgofthepolyetfiyleno glycol methyl ct^rr ' :!:^rV^^ ^- ^sf 3 rence Example 1 

as and having an average molecular weight of 750 and 100 mg of i*>Jiujn cyanoborohydride, riFN-oA was 
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trsatBd in the aame manner as (i) to give 30 ml of a solution of potyethytene glycol methyl ether-modlfled 
IFN-a with a protein content of 130 pg/ml. Amino acid ratloa in add hydrol^te (6 N hydrochloric add* 
110^, 24 hours) were as follows: Asp, 12.1 (12); Thr, 10.1 (10); Ser, 13.6 (14); Glu, 267 (26); Pro, 5.5 (6); 
Gly, 5.6 (5); Als, 8.4 (8); Val, 8,7 (7); Met, 5.6 (6); lie, 7,4 (8); Leu, 21.0 (21); Tyr. 5.1 (5); Phe, 8.6 (10); Lys, 4^7; 
His. 3.5 (3); Arg, 9.1 (9); Trp, 1,8 (2); Cys. decomposed. The above data indicate that about 57% of Lys 
residues had been modified at the 8«amlno group. Enzyme Immunoassay performed In the same manner 
as (I) gave the result SxiO* Intematlonal units/mg, and the anttvfrat activity of the product was 0.14x10* 
international units/mg. 

(ill) The procedure of (I) was followed using 27 mg of the polyethylene gtycol methyl ether aldehyde 
and 27 mg of sodium cyenoboro hydride and there was obtained 50 ml of a polyethylene glycol methyl 
ether-modified IFN<i solution with a protein content of 46 Mg/ml. Amino acid ratios in acid hydrotysate (6 N 
hydrochloric add, IIO^C, 24 hours) gave the following results: Asp, 13.6 (12); Thr, 10.4 (10); Ser, 14.9 (14); 
Glu, 26.6 (26); Pro, 6.5 (6); Gly, 6.1 (5); Ala, 8.3 (8); Val, 6.6 (7); Met, 6.2 (5); lie, 7,4 (8); Leu, 21,0 (21); Tyr, 5,3 
(5); Phe, 10.2 (10); Lys, 9,0; His, 3.6 (3); Arg, 9.1 (9); Trp, 2.3 (2); Cys, decomposed. The above data Indicate 
M that about 1 8% of Lys residues had been modified at the e-amino group. Enzyme immunoassay performed 
in the same manner as (I) gave the result 1.09x10* International units/mg and the antiviral activity of this 
product was 1.53x10* international units/mg. 

(tv) The chemically modified IFN-a (IFA-S) of the invention as obtained above in (I) was administered to 
a group of three 7<week-old fiamaie SD rats by injection into the femoral muscle In a dose of 1 .274x10" units 
io per capita. After a prescribed period, blood was sampled from the caudal vein and the IFN-a potency in 
plasma was determined by the enzyme Immunoasssy method and antiviral activity method described In 
Example 1 (i). A distinct delay In clearance was observed sa compared with a group administered 
unmodified Interferon a (riPN-oA) in a dose 1.259x10* units per capita. 
The above rosults are depicted in Rg. 1. 

28 

Example 2 

To 6 mi of the solution of chemically modified IFN-o (IFA-^) of the invention as obtained in Example 1 
(1), there is added 260 mg of human serum albumin. The resulting solution is filtered through a membrane 
filter (pore size: 0.2 |xm) and distributed into 5 vials, followed by lyophlllzatlon and storage. The contents of 
so each vial are dissolved In 1 ml of distilled water for Injection lust prior to use. 

Example 3 

Production of polyethylene glycol methyl ether*modifIed IFN-a and alkanoyl-polyethytene gtycot-modlfied 
IFN-a 

38 (I) The tttie compounds were synthesized by using the polyethylene glycol methyl ether aldehyde and 
alkanoytpoiyethylene glycol aldehyde obtained in Reference Example 1 and Reference Example 2, 
respectively, and following the procedure of Example 1. Various data for each derivative synthesized are 
shown In Table 1 and amino add analysis data therefor In Table 2. 

(tl) The chemically modified IFN*q spedes obtained In (i) above (compounde No. 2 and No. 8) were 

40 administered to 7-week-old female SD rats In groups of 3 by Intramuscular injection Into the femur In doses 
of 3.12x10* units snd 2.66x10* units, reepecth/ety. Thereafter, blood samples wera collected from the 
caudal vein at times intervals and assayed for IFN*a potenc^/ !n plasma by enzyme immunoassay. 
Obviously delayed dearance was noted aa compared with the q;^^^ ou^j^ 3.32x';o^ units of unmodified 
IFN-a These results are depicted In Rg. 2. 
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Amino sdd analysis value 


Com- 
pound 
No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


HFN 
-oA 


Theo- 
retical 
value 


Asp 


12*8 


12.7 


12.6 


12.5 


13.4 


12.9 


12.2 


12.5 


12.8 


1 12.6 


12 


Thr 


11.7 


11.6 


lU 


10.9 


11.3 


11.4 


10.9 


11.6 


11.3 


11.6 


10 


Ser 


16.8 


ia7 


15.7 


15.4 


17.6 


15.6 


154 


16.8 


16.6 


16.6 


14 


Glu 


27,4 


27.0 


26.7 


27.3 


27.6 


27.3 


2ai 


2a3 


26.4 


27.6 


26 


Pro 


— 


5.3 


&6 


as 


as 


as 


as 


a7 


a7 


3.7 


5 


Qly 


4.9 


5.0 


4.6 


4.6 


7.1 


4.6 


4.5 


5^ 


5.4 


4.6 


6 


Ala 


8.1 


8.0 


ai 


7.8 


a6 


7.5 


7.3 


8.3 


8.4 


7.8 
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Cys 






















4 


Val 


as 


6.8 


a7 


ao 


7.3 


a7 


a3 


6.9 


7.1 


as 


7 


Met 


3.2 


4.7 


4.3 


4.3 


4.4 


4.3 


4.1 


4.7 


4.8 


3.9 


5 


lift 


7.7 


7.7 


7.7 


7.6 


8.0 


7.6 


7.3 


7,5 


7.6 


7.6 


8 


Lau 


21.0 


21.0 


21.0 


21.0 


21.0 


21.0 


21.0 


21.0 


21.0 


21.0 


21 


Tyr 


4.3 


4.5 


4.6 


4.6 


4.9 


4.6 


4.4 


4.8 


4.8 


4.6 


5 


Phe 


9.8 


9.8 


9.8 


9.8 


9.8 


as 


9.4 


a7 


as 


as 


10 


Lys 


as 


10.3 


10.6 


as 


5.4 


ai 


2.3 


a6 


4.9 
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7,6 


as 
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Trp 
















0.8 


1.0 




2 



48 Not detected. 

Example 4 

Production of polyethylene glycol methyl ether*modffied Interferon-y 

(I) A 5<ml portion (a95 mg as protein) of a solution of the lnterferon*Y protein produced by the 

so recombinant DNA technique (hereinafter abbreviated as rlFN^y; cf. EPC laid open No. 1 10044) was applied 
to a Sephadex Q-25 column (2,0x60.0 cm) and developed with 0.2 M phosphate buffer (pH 7.0). The eluate 
wee fractionated In 6-ml portions. Fractions Nos. 11—13 were combined and diluted to 100 ml with the 
same buffer. Thereto was added polyethylene glycol methyl ether aldehyde (average molecular weight 
760) (225 mg), followed by addition of sodium cyanoborohydrfde (300 mg). The mixture was shaken at 37>C 

65 for 72 hours. The resulting precipitate was removed by centrffiigatlon. The supernatant was concentrated 
to 10 ml using a Olaflow membrane (Amicon). The concentrate was applied to a Sephadex G-75 column 
(a0x43.0 cm) and developed wHh 25 mM ammonium acetate buffer (pH 6i»4-0.16 M sodium chlorlde+tO 
mM glutathione. The eluate was fractionated In S-ml portions. Fractions Noa. 17—24 containing the desired 
product were combined. The protein content In the combined fractions as detenmined by the Bradford 

00 method using bovine serum albumin aa a atandard waa 7.73 pg/ml. The add hydrotyaate (6 N hydrochloric 
acid, U(fC, 24 hours) gave the following amino add analysis values: Asp, ia6 (20); Thr, 4.7 (5); Ser, a3 
(11), Glu, laS (18); Pro, 2.1 (2); Gty, 54 (5); Ala, 7.5 (8); Val, 8>l (8); Mac 3.7 (4); lie, 7.1 (7); Leu, 9.7 (10), TVr, 
5.3 (5); Phe, 9.7 (10); Lya, 17.6; HIa, 2.0 (2); Arg, 5.0 (6); Cya, Trp, decomposed. Since rlFN^ contains 20 Lya 
redduea, the above results Indicate that about 1 2% of the Lya c-^mkto groups In rlFN-y had been modified 

a by polyethylene glycol methyl ether (average molecular weight 760). The product had an antiviral activity 
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of frrtematJonal unfts/mg: Administration of the product to rats resulted In obvious delav In 

^^^^k ^If ^ ^'^^ hand, the precipitate was dissolved In 6 M g^Sa^n. h^Soril^^^^ 
dialyzed against 2Bn^M ammonium acetate (pH 6.0)+ai5 M scrlfurr :hlorido+10 mMtSStlone at 4^ 
Z^^X^t ^ffPh^^^ the sams m.nn.r as above. T^SXJlJuriS 

SSii^r^H^ 11^T<? "^T""^ ""^2^^} ^"""^ ^'^^'vsls of the acid hydroiysate (6 N 
5? iT^w. ^^''^^'^ ^P' «0>; Thr, 6.2 {5): Ser, 9.5 (11); Glu, 

Gi^ Q^'i.! 'i^^^^^^ ^^J'^ " ^' ^^^'"'PO^ed, The higher viluei fo1 

Qlu and Qhr than the theoretlcat are presumably due to contamination by glutathione. Since riFN-y contains 
20 Lyo c-arHno gro<jps, the above results Indlcatts thst sbout 2€.5% of tJi*. Lya e-amino groups In rlFN-v had 
been modified by polyethylene glycol methyl ether, P»»nnrtK v^wq 

'"'M'JlI® 225 mg of polyethylene glycol methyl ether aldehyde havfng an average molecular weight of 
750 and 120 mg of aocflum cyanoborohydride, rlFN-y was treated in the same manner as (i) In the presence 
of 2<mercaptoethanol (2%) to give 30 ml of a polyethylene glycol methyl etheMnodmed rtFN-y solution 
.V^t ^^^^^^ ^ 236 yg/ml, Amino acid analysis of the add hydroiysate (8 N hydrochloric add, 
^ *® following values: Asp, 20.0 <20); Thr, 5.2 (5); Ser, 9.6 (11); Glu, 33,6 (18)' Pro 1 8 

Lys, 10,2; HISj 2^ (2); Ang, 7.9 (8); Trp. 0.6 (1); Cys, decomposed. The higher values for Glu and QIv arB 
presumably due to contamination with glutathione. Since rlFN-y containa 20 Lys e-amino arouDs! the 
» above results Indicate that about 50% of the Lys c-amino groups In riFN-y had been modffled by 
polyethylene glycol methyl ether. 

Example 5 

Production of polyethylene glycol methyl ether-modified IFN-Yd2 

u (I) A 5-rnl portion (4.95 mg as protein) of the IFN-Yd2 solution obtained in Reference Example 3 Is 
applied toe Sephadex Q-25 column (2.0x60.0 cm) and developed with 0.2 M phosphate buffer (pH 7.0). The 
eluete Is fractionated by 6 ml. Fractions Nos. 11—13 are combined and diluted to 100 ml with the same 
i^^^* *® <*""t*on Is added polyethylene glycol methyl ether aldehyde (average nrK)lecular weight 750) 
(200 rng), and then sodium cyanoborohydride (300 mg). The mixture Is shaken at 37^ for 72 houra. The 

so resulting predpltate Is removed by centrrfugatlon. The supernatcnt -5 cc r cantrated to 10 ml using a Oiaflow 
membrane (Amicon). The concentrate Is applied to a Sephadex G-76 column (3.0x43.0 cm) and developed 
with 25 mM ammonium acetate buffer (pH 6.0)+0.15 M sodium chloride+10 mM glutathione. The eluate la 
fractionated by 5 ml, and the fractions containing modified IFN-Yd2 having the polyethylene glycol methyl 
ether moiety on the Lya e-amIno group in the molecule are collected and combined. When this product Is 

so administered to rats, evident delay in clearance In blood la noted. 

On the other hand, the predpltate is dissolved In 6 M guanldlne h^rochlorlde, dialyzed against 25 mM 
ammonium acetate buffer (pH 6.0)+0.15 M eodium chloride+10 mM glutathione at 4"C overnight and 
purfned by Sephadex G-75 gel filtration in the same manner as above. Thus Is obtained a fraction 
contelning modified IFN-yda having the polyethylene glycol methyl ethyl moiety on the Lys c-amino group 

<a In the molecule. 

Example 6 

Production of polyethylene glycol methyl ethe^modified IFN-yS 

(I) A S-ml (5.5 mg as protein) portion of the IFN-Yd3 solution obtained In Reference Example 4 Is applied 

48 to e Sephadex G-25 column (2,0x60,0 cm), followed by development with 0,2 M phosphate buffer (pH 7.0). 
The eluate Is fractionated In 6-ml portions. Fractions Nos. 11-^13 are combined, and therBto are added 
polyethylene glycol methylether aldehyde (average molecular weight 750) (226 mg) and then sodium 
q^anoborohydride (1 20 mg). The mixture Is shaken at ZPC for 24 hours. The reaction mbrture is applied to a 
r!?^*«.®i.?"^^ column (3.0x43,0 cm), followed by development with 25 mM ammonium acetate buffer 

60 (pH 6.0). Thia is obtained a fraction containing modified IFN-Yd3 with the polyethylene glycol methyl ether 
moiety on the Lya s-amlno group In the molecule. When this product ia administered to rats, obvious delav 
In dearance In blood is observed. 

Example 7 

S5 Production of polyethylene glycol methyl ether-modlfied IL-2 

D-^*'* ^ ^ protein) portion of the interleuldn 2 (hereinafter abbreviated as riL-2) obtained In 

Reference Example 5 was dialyzed against 0.2 M phosphate buffer (pH 7.15) for 12 houra. To the dialyzate 
was added polyethylene glycol methyl ether aldehyde (overage molecular weight 750) (97 mg), and then 
sodium cyanoborohydride (100 mg). The mixture was stirred at 37*^ for 24 hours. The resultant precipitate 

so waa removed by oentrffugatlon. The supernatant was dialyzed againt 5 mM ammonium acetata buffer (pH 
5.0) for 5 houra. The dialyzate was applied to a Sephadex Q-76 column (3.0x43.0 cm) and developed with 
2?J"'^*^1°'^"* eystem. The eluate was fractionated In 6-ml portions. The desired product^ontalnlng 
fractlorw Nos. 21—29 were combined. The combined fraction had a protein content of 26 MgAnI aa 
detemilned by the Bradford method using bovine serum albumin as a standard. The add hydroiysate (6 N 

98 hydrochloric add, IWC, 24 houra) gave the following amino add analysis values: >Up, 12.0 (12); Thr, 12.5 
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« i' V ^'^ ^'y' 2.2 (2); Ala, 6.0 (5); Val, 3.7 (4); Met, 3.9 W; tie, 8.1 (8); Lau. 

Si-H hL^ ^K^^y^' 0^0"P» had been 

modified by polyethylene glycol methyl ether. The IW activity of the product ae determined by the method 
5 Of Hlnuma et al. [Biochemical and Biophysical Research Communlcatlona, f09, 363-389 (1992)1 which 
measures the growth of an IL-2-dependent mouse natural killer cell line (NKC3) with the pHl-thymldlne 
uptake Into DMA as an index was 22,999 units/mg. When rlL-2 Is supposed to have an activity of 40,000 
unlte/mg, the product la estimated to retain 57.7% of the activ!tv After administration of thia product, 
obvloua delay in cleerance In blood was noted. 

Reference Example 1 

Synthesis of polyethylene glycol metiiylether aldehyde 

... 'I'/^/y^yl^"® ^^^^ '"^^^y* ^^^^^ <5 0' average molecular weight 6,000) was dissolved in methylene 
chloride (100 ml) and then pyridinlum chlorochromate (330 mg) was added* The mixture was stirred at 

fs room tempera^re for 12 houra. The reaction mixture was diluted two-fold witit methylene chloride and 
poured Intoa Rorlsll column (6x10 cm), and the column was washed with methylene chloride and tfien 
with chloroform, followed by elution witii metiianolchloroform (1:9). Fractions positive to 2,4-dinltro- 
phenylhydrazlne teat were combined, die solvent wae diatilted off under reduced pressure, and there was 
obtained a crystalline wax. Yield 1,6 g (30%). Thin layer chromatography: Rt-0.08 (chloroform-methanol- 

20 ecetic acld=9:1 :0.6, silica gel). ^*C-NMR spectrometry revealed en absorption due to the aldehyde group In 
hydrated form {-5H(0H),) at 96.2 ppm. 

(li) Polyethylene glycol metiiyl etiier (10 g; average molecular weight 5,000) was dissoWed In 
tertiary4>utanot (100 ml). Thereto was added potassium tertiary-butoxide (417 g), followed by addition of 
bromoacetal (2.56 ml). The mixture was stirred at 40T for 2 houre. The tertiary-butanol waa then distilled 

2S off under reduced pressure, water was added to the residue, and the aqueoua mixture waa extracted with 
chloroform (200 mlx2). The extract waa waahed with water and dried over anhydroua sodium sulfate. The 
chloroform was then distilled off under reduced pressure, petroleum berulne was added to the residue, and 
the resultant crystalline residue waa collected by filtration and washed with ether. Thus waa obtained 9.6 g 
(95%) of the corresponding polyethylene glycol methyl etiier diethyl acetat. A 6-g portion of tiie acetal was 

30 dissolved in 60 ml of 0.05 M trifluoroacetic acid, treated In a boiling water batti for 30 minutes and then 
lyophillzed, giving a polyethylene glycol metiiyl «her aldehyde longer In chain length by CH.CH^ 
tfian tiie product obtained In (I). 

(Ill) Polyettiylene glycol metiiyl ether (6.7 g; average molecular weight 1,900) was dissolved In 
methylene chloride (100 ml) and then pyridinlum chlorochromate (970 mg) was added. The mbrture was 

30 stirred at room temperature for 12 houre, then diluted wWi an equal volume of methylene chloride, and 
poured into e Roriail column (8.0x10.0 cm). The column waa washed witii metiiylene chloride and then 
with chloroform, followed by elution witii 10% methanol/chloroform Fractlona positive to 2,4-dinItro- 
phenylhydrarlne test were combined. Removal of tiie solvent by distillation gave a crystalline wax. Yield 
1,8 g (30%). Thin layer chromatography: R,-0.10 (chlorofdrm-mettianol-acetic acido9:1:0,5, silica gel). 

40 C-NMR spectrometry indlcatedthe presence of an absorption due to die aldehyde group In hydrated form 
(— CH(OH)a) at 96.2 ppm, 

(Iv) Polyethylene glycol methyl other (19.5 g; average molecular weight 1^00) wes dissolved In 
tertiary-butanol (100 ml). Potassium tsrtiary-butoxide (104 g) was added and then bromoacetal (6.4 ml) 
was added. The mixture waa stirred at 40*0 for 2 houra. The tertiary-butanol waa then diatilled off under 

48 reduced pressure. Water waa added to the residue, fbilowed by extraction witii chloroform (200 ml x2). The 
extract waa washed with water and dried over anhydroua sodium sulfate. The chloroform waa distilled off 
under reduced pressure, petroleum benzine wss added to the residue, and the resultant crystalline residue 
wae collected by fihration and waahed with etiier to give 8.5 g (89.5%) of acetal. A 3-g portion of tiie acetat 
waa dissolved In 0.05 M trifluoroacetic add, and the solution was treated In a bolting water bath for 30 

80 """JJutM and then lyophillzed to give a polyetiiyiene glycol methyl etiier aldehyde longer In chain length by 
-0-CHaCHr- than the product obtained In (III). i 

(v) Polyethylene glycol methyl ether species having average molecular weights of 760, 560 and 360 
were derived to tite corresponding aldehyde species by following the above procedures 

55 Reference Example 2 

Syntiieals of atkanoyt poiyetiiyleneglycol aldehyde 

(I) In 60 ml of pyridine, tiiere was dissohred 16 g of polyethylene gtycoi 1540 (Weico Pure Chemical 
Industries) (everege molecular weight 1500). To the solution wss added 1.88 ml of acetic anhydride. The 
mixture was stirred at 40^ for 2 hours and then at room temperature for 16 hours. Thereafter, the soK/ent 

80 was distilled off under reduced pressure. The residue was dissoh/ed in chloroform, and tiie aolution was 
washed with water, the chloroform layer was dried over anhydrous sodium sulfete, and the chlorofbrm 
was distilled off under reduced pressure. The residue was disaoh/ed In e small amount of chloroform, a 
petroleum benzlne-ettier (2:1) mixture waa added to ttie solution, and the mbrture waa allowed to s^snd to 
give 14 g (90%) of a crystalline wax. A 1.4^ portion of the wax waa dissolved In 50 ml of metiiylene 

88 chloride, followed by addition of 300 mg of pyridinlum chlorochromate. The resuhing mbrture waa stirred 
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at room temperature far 18 hours. The reaction mixture waa applied to a allica gel C-200 (Wako Pure 

ma^n^L r^T^ ^^'"T'" ^« ^"^^ 6^ methanol-chloroform (200 

ml> and eluted whh 10% methanol-chlorofann. Fractlone posWve to the 2,4^lnftrophenylhydrailne test 

« "H^^t ®^ ^"c®** pressure. A cryatalline wax was obtained. 

9 Yield 580 mg (41%). 

(11) In 50 ml of methylene chloride, there was dIssoNed 20 g of polyethylene glycol 1000 (Wako Pure 
Chemical Ind.) (average molecular weight 1000). followed t>y addition of 6.1 5 g of n-caproyi anhydride. The 
mbcture wee stirred at 7(fC for 2 houra. Then, the solvent was distilled off, and the residue was purified 
using a aHica gel O200 column (3x50 cm) and elution with ethyl acetate-methanot (4:1) to give 14,9 g (60%) 
JO of an oil, which aoiidlfiad upon standing In a refrigerator. The subsequent oxidation with pyridlnlum 
cnlorochromate as conducted in the same manner as (I) gave the corresponding aldehyde. 

Reference Example 3 ^ Production of IFN«Yd2 
(I) Transfbrmant preparation 

The IFN-Y expression plasmid pHITtrpllOI [cf, EPC (laid open) No, 110044, Example 2 (ill)] wae 
digested with the restricHon enzymes 4vall and Pstt, and an AvaW-Psti 1 kb ONA fragment containing the 
IFN-Y gene portion was laoiated. The protein synthesis start codon-containlng oligonucleotide adapter 



20 



38 



CQATAATGTGCCAQ 
TATTACACGGTCirrG 



chemically synthesized by the phosphotriester method was Joined to the above DNA fragment at the AvoW 
cohesive end thereof using T4 DNA ligase. 

The above adapter-Joined gene was Inserted Into the ONA fragment obtained by deavage of the 
plasmid ptrp771 (cf. ebove<lted publication, Example 2 (11)1 with the restriction enzymes C/al end m, 
downstream from the trp promt^ter tn said fragment. Thus was constructed the expression plaamid 
pHITtrpnoi-d2 coding for the Cys-Tyr-deflcfent IFN-y polypeptide (Rg. 3), 

£sch9rich'm col! 2d4 was transformed wfth this plaamid pHITlrpI 101-d2 by the method of Cohen et al. 

^ ^-S-^' ^' ^« Q'v® *o transformant Escherichia coll («£ coin 

294/pHITtrp1101-d2 carrying said plasmid. 



40 



(11) Transformant cultivation 

The strain f. co//294/k3Hmrp1 1 01-d2 carrying the plasmid constructed In (i) above waa cultivated In m 
medium containing 8 |ig/ml of tetracycline, 0.4% of casamino acids and 1 % of glucose at 3T*C. When tiie 
growth reached KU 220, 3-p-indolylacryllc acid (lAA) was added to a concentration of 25 ug/ml. Thereafter, 
the cultivation was continued for further 4 hours. After cultivation, cells were harvested by centrtfugation 
and suspended In 1/10 volume of 0,05 M Tris-HCI (pH 7.6) containing 10% sucrose. To ttie suspension, tiiere 
were added phenylmethylsutfonyl fluoride, NaCI, etiiylenediamlnetetraacetate (EDTA), spermidine and 
h^sozyme to eoncentrationa of 1 mM, 10 mM, 40 mM and 200 ng/ml, respectively. After standing at 6^ for 1 
hour, tiie suspension was treated at 37X: for 3 minutea to give a iyaata 

The lyeato was subjected to centrtfugation at 4'C and 20,000 rpm (Servall centrifuge, SS44 rotor) for 30 
minutes to give en IFN-Yd2 potypeptide^ntalnlng supernatant. This supernatant had an antiviral actfvfty 
of 2,87x10* U/lfter eulfiiro fliitH ^ 



S8 



(Hi) Purification of IFN-Yd2 

In 1 8 ml of 0.1 M Trie-hydrochloride buffer (pH 7.0) containing 7 M guanidlne hydrochloride and 2 ml^A 
phenylmethylsulfonyl fluoride, there were suspended 5,9 g of celts obtained In the same manner as (II) 
above and stored in the frozen state. The suspension was stirred at 4*C for 1 hour and then subjected to 
centrtfugation at 10,000xg for 30 minutes to give 20 ml of a supematant. This supematant was diluted with 
260 ml of a buffer (pH 7.4) comprising 137 mM sodium chloride, 2.7 mM potassium chloride. 8.1 mM 
disodlum phosphste and 1.B mM monopotassium phosphate (hereinafter such buffer being referred to by 
the abbreviation PBS) and the dilution was applied to an antibody column (Moy2-11,1, column volume 12 
mllat a flow rate of 1 ml/minute. The column was then washed with 60 ml of 20 mM sodium phosphate 
buffsr (pH 7.0) containing 0.5 M guanldine hydrochloride and eluted wfth 36 ml of 20 mM sodium 
phosphate buffer (pH 7.0) containing 2 M guanidlne hydrochloride to give 20 ml of an antivlrally acth/e 
fraction. 

This 20^1 fraction was applied to a Sephacryl S-200 (Pharmacia) column (2.6x94 cm, column volume 
500 ml) equilibrated In advance wfth 25 mM ammonium acetate buffer (pH aO) containing 1 mM 
ethylenedtominetotraaoetate, 0.15 M sodium chloride, 10 mM cysteine and 2 M guanidlne hydrochloride, 
followed Ijy elution wfth tiie same buffer. Thus waa obtained 37 ml of an antivlrally active fraiafon, 

^ * * -S':!^'"*'^®^*"* '^'Y polypeptide (IFN-Yd2) obtained weighed 5.9 mg and had a specific aetivfty 
of 1.0x10^ U/mg. 
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Referanos Example 4 — Production of IFN-Yd3 
fl) Transformant production 

The tFN-Y expression plasmrd pRC23/IR-900 (of. Example 7 of the specification for a patent application 
under EPC as laid open under No. 0089676] was digested with the irestrlctlon enzymes Nd^ and Nco\» and a 
5 710 bp NdQ\'Nco\ DNA fragment (A) containing the IFN-y gene region was isolated. Separately, the plasmid 
pRC23 was digested with the restriction enzyme BgtW and fcoRI, and a 26S bp DNA fragment (B) containing 
the APt promoter was Isolated. The fragments (A) and (B) and the chemically synthesized, protsin synthesis 
start codon-contalning oligonucleotide 

10 AATTCATOCAQGATCCA 

GTACGTCCTAGGTAT 

were joined together using T4 DNA llgase, with the /VcM and £coRI cohesive ends as the sites of Joining. 
The DNA fragment thus obtained was Joined to the plasmid pRC23/1FI-900 aftaf tre^tmgnt with Ncoi and 
Bgl\\, to thereby construct an expression plasmfd, pLC2« coding for the Cys-Tyr-Cys-deficlent IFN-y 
polypeptide (Fig. 2). This plasmid pLC2 was used for transforming Escherichia coll RRI(pRK248 cits) by the 
method of Cohen et al. [supra] to give a transfbrmant Escherichia coll )»£ coll) PRI(pLC2,pRK248 cits). 

20 (II) Transfbrmant cultivation 

The strain £ coll RRi(plC2,pRK248 dts) carrying the plasmid constructed In (1) above was 
shslce-cuKured st 36^ In 50 ml of s liquid medium containing 1% Bactotryptone, 0.5% yeast extract 0.6% 
sodium chloride and 7 pg/mt tetracycline. The culture broth was transferred to 2.5 liters of M9 medium 
containing 0.5% casamino acid, .0.5% glucose and 7 ^ig/ml tetracycline, and grown at 35*^ for 4 hours and 

25 then at ATC for 3 hours. Celts were harvested by centrifugatlon and stored at -80°C. 

(in) Purification 

In 22 ml of 0.1 M Tris-hydrochlorlde buffer (pH 7.0) containing 7 M guanidlne hydrochloride and 2 mM 
phenylmethylsulfonyl fluoride, there were suspended 7.1 g of frozen calls obtained In the same manner as 

^0 mentioned above In (II). The suspension was stirred at 4*C for 1 hour and then cemrlfuged at 10,000xg for 
30 minutes to give 24 ml of a supematant This supernatant was diluted by adding 3(^ ml of PBS and the 
dilution was applied to an antibody column (Moy2-11.1, column capacity 16 ml) at a flow rate of 1 
ml/mtnute. Thereafter, the column was washed with 60 ml of 20 mM sodium phosphate buffer (pH 7.0) 
containing 0.6 M guanidlne hydrochloride and then etuted with. 45 ml of 20 mM sodium phosphate buffer 

35 (pH 7.0) containing 2 M guanidlne hydrochloride, to give 25 ml of an antivlrally active fraction. Thia fraction 
(25 ml) waa applied to a Sephacryl S-200 (Pharmacia) column (2.6x94 cm; column capacity 500 ml) 
equilibrated In advance with 25 mM ammonium acetate buffer (pH 6.0) containing 1 mM ethylenediamina* 
tetraacatic add, 0.15 M sodium chloride, 10 mM cysteine and 2 M guanidlne hydrochloride, and etuted with 
ttie same buffer to give 40 ml pi an anthdraiiy active fraction. 

40 The thus-obtained Cys-Tyr-Cys^eflcient IFN-y polypeptide IFN-y dS weighed 7.0 mg and had a specific 
activity of 2.72x10^ lU/mg, 

Reference Example 6 — Production of non-giycosylated human lt-2 
(1) Transfbrmant cutth^atlon 

45 E coll 0H1/pTF4 [EPC Pat. Appln. No. 84308163.0] waa Inoculated Into 60 ml of a liquid medium (pH 
7.0) containing 1% Bacto tryptone (DIfoo Laboratories, USA), 0.5% Bacto yeast extract (Difeo Laboratories, 
USA), 0.5% sodium chloride and 7 M0/nnl tetracycline as plsced In a 250-ml Erienmeyer flaslc. After 
incubation at 37*^ overnight on a swing rotor, the culture medium was tranafanred to a 5-llter jar fermenter 
containing 2^ liters of M9 medium containing 0.5% casamino acid, 0.5% glucose and 7 ug/ml tetracycline. 

50 Incubation was then conducted with aeration and stirring at ZPC for 4 hours and after addition of 
3-P-lndolytacrylic add (25 pgMil), fox further 4 hours. Cells were harvested from tiie thus-obtained 2.6-ltter 
culture broth by contrifiigation, frozen at -80°C and stored. 

(ID Extraction 

55 The freeze^ored cells (12.1 g) obtained above were suspended uniformly In 100 ml of an extractant 
(pH 7.0) containing 7 M guanidlne hydrochloride and 0,1 M Trie - HCI, the suspension waa sttn-ed at for 
1 hour and the lyaata waa centrlfuged at 28,000xg for 20 minutes. There was obtained 93 ml of a 
supematant. 

eo (ill) Purification of IL-2 protein 

The supernatant obtained above waa dialyzed against 0.01 M Tris * HO buffer (pH 8.6) and then 
cemrifuged at 19,000xg for 10 minutes, gKdng 94 ml of a diatyzate supematant This dislyzate supematant 
was affiled to a DE 62 (DEAE-cellulose, Whatman, Great Britain) column (60 ml In volume) equilibrated 
with aoi M THa-Ha buffer (pH 8.6) for protein adsorption. IL*2 waa eluted making a linear NaCI 

68 concentration gradient (0-0.16 M NaCI, 1 liter). The aeth^e fractions (53 ml) were concentrated to 4J ml 
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SlX.TI!lM™rr^"'. i^'f ' "f^' '."J* <" 8«« flltratlon usins a Sephacryl 8-200 (Pharmacia, 

f^^l ^Si"^ '^r* i" •^""'rated with 0.1 M Tris • HCI (pH aO)-1 M NaCI buffer. The eetlve 

frBCflona (28 ml obtained were concentrated to 2.S ml using a YM-6 membrane. The concentrate was 
applied to an Ultrapora RPSC (AKex, USA) column for adsorption, and high performance liquid 
chrornatogrephy was performed using a trffluoroacetic acld-acetonitrile system as the etuent 

US'' • S^^IP'^' ^^^"^ "PSC (4.6X76 mm): column temperature. 3(rC; eluent A. 

0.1% trifluoixjscetic acld--99.9% water: eluent B. 0.1% trifluoroaeetle add-9ft9% aoMonitrile: elutlon 
° 1^* ^if^^ B}-mlnute 25 (66% A+46% B)-mlnuto 36 (46% A+56% Bl-mlnute « 
00% A+70% B -mintit. 48 (100% B); elutfon rate, 0.8 mIMiln.; detection wave length, 230 nm. Aa aSive 
"^'oc*** »» • retention time of about 39 minutes. Thus was obtained 10 ml of a solution 
containing 0.53 mg of non-glycosylated human IL-2 protein [specific activity. 40,000 U/mg; actMtv recovery 
from starting material. 30.6%; purity of protein. 99% (determined by den^omotry)!! 

Ctafma 

I. A chemically modified lymphoUne having polyethylene glycol of the formula: 

(^"0— CHjCHj-)j _ 

" R fs a protective group for ttie terminal oxygen atom and n fa an optional poaltlve Integer, bonded 
directly to at least one primary amino group of the lymphokine moiety. 

uu-iJl;»^«I"2^^J^'JlJSl^ according to claim 1, wherein the lymphokine mofety has molecular 
weight from o,000 to 60,000. 

weight frJrTSoSftnoS^ according to claim 2, wherein the lymphokine moiety has molecular 

,^ ^ The modified tymphoUne according to claim 1, wherein the lymphokfne moiety is Interferons. 
inteneuwn-Zr macrophage dmerentfatino factor, macrophage activating factor, or substances similar In 
structure and In physiological activity to these. 

6. The modified lymphokine according to dalm 1. wherein the lymphokine moiety fs Interferon-a 
interferon-p, Interferon^y, Interferon-Yd2, fnterferon-ydS or interieukln-2. 

6. The modified lymphokine according to claim 1, wherein the lymphokine moiety Is Interferon-a. 

7. The modified lymphokine according to claim 1, wherein the lymphokine moiety Is Interferon-y. 
a The modified lymphokine according to claim 1, wherein the lymphokine moiety Is lmerleukin-2. 
a The modified lymphokine according to claim 1, wherein the polyethylene glycol has molecular 

weight corresponding to 1 to 10% of the molecular weight of the lymphokine moiety. 

I CIm '^o^ffled lymphokine according to claim 1, wherein the polyethylene glycol has molecular 
weight from 360 to 6|000. 

II. The modified lymphokine according to claim 1, wherein R Is alkyi or alkanoyl. 
12. The modified h^phokine according to claim 1, wherein n Is a positive Integer from 7 to 120. 
13* The modified lymphokine according to claim 1, wherein the primary amino group la N-termlnal 

wmino group or e-amino group of lysine residue In ttie lymphokine moiety. 

14 The modified lymphokine according to dalm 1 , which has poiyetitylene glycol bonded to 15 to 80% 
of e-amino groups of lysine residue in the lymphokine moiety. 
48 formu^a-^ metitod of producing a chemically modified lymphokine having polyethylene glycol of ttie 

R+OCHaCHrb 

^ P"^^« G'p^P terminal oxygen atom end n Is an optional positive Integer, bonded 

x !^^ one prirnary amino group of ttie lymphokine moelty. which comprises reacting a 

lympnoklne with an aldehyde of the formula: 

R4O-CH,CHrhpT0-CHaCH0 

m wherein R and n are as defined above. In the presence of a redudng agent 

neuJJfty * mettiod according to claim 15, wherein ttie reaction Is conducted In ttie neighborhood of 

17. The mettiod according to dalm 16, wherein ttie redudng agent la sodium cyanoborohydride. 

to 

Patentanaprdehe 

1. Chemtsch modifizlertes Lymphokin, dee ein Polyftttiylenglycol der Formel 
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worin R efna Schutzgruppe fQr das endstflndlge Saueretoffatom fst und n oine wflhibare posltfvo san» Zahl 
darstellt dirakt an wanfgstana elne primSre Amlnogruppe des Lymphoidnantells gebunden anthfitt* 

2. ModtfWartas Lymphokin nach Anapruch 1, worin dar Lymphoklnantall etn Molakulargawfcht von 
5*000 bfa 60.000 beaHzt 

s 3. Modlfiziartaa Lymphokin nach Anspruch 2, woiin dar Lymphoklnantalt aln Moleculargawicht von 

10.000 bla 30.000 aufwefat 

4. Modrfiziartet Lymphokfn nach Anspruch 1, worin der Lymphoklnantalt aua tntarferonan, Interlaukin* 

2, Makrophag-Olffaranzlerungsfaktor, Makrophag-Aktivlarungsfaktor odar dtaaen In Struktur und 

phyalologlachar Akth^ltflt ihnllchan Substanzen besteht. 
'0 6. Modffiztartaa Lymphokin nach Anapruch 1, worin dar Lymphokinantail Interferon-o, Intarfaron-^; 

Intarfaron-Y, lntarfaron-Yd2r lnt6rferon*Y<'3 odar lntariaukln-2 lat. 

6. Modifiziertea Lymphokin nach Anspruch 1, worin dar Lymphoklnantall lnterferon-<i Ist 

7. Modlfizlartss Lymphokin nach Anspruch 1, worin dar Lymphoklnantall Interfaron-y Ist 

8. Modlflzlartea Lymphokin nach Anspruch 1, worin dar Lymphoklnantall tnteriauktn-2 Ist 

'9 9. Moflziartas Lymphokin nach Anspruch 1 , worin das Poiyfithylanglycol oin Molautargewlcht aufwelst, 
daa 1 bla 10% das Molaulargewichtes das Lymphokinantallas antspricht 

10. Modlfizfertas Lymphokin nach Anspruch 1, worin das Potydthylanglycol ein Moleculargawicht von 
350 bis 6.000 besftzt. 

11. Modlfisdertea Lymphokin nach Anspruch 1, worin R fOr AlkyI odar Alkanoyl steht 

io 12. Modlftzl'ertas Lymphokin nach Anspruch 1 , worin n aina positive ganza Zahl von 7 bis 1 20 t)edeutat 

13. Modifiziertea Lymphokin nach Anspruch 1. worin die primflre Aminogruppe elne N-endatSndlge 
chAmfnogruppe Oder s-Aminogruppe eines Lyslnrestes Im LymphoMnantell darstelK. 

14. Modiflziertes Lymphokin nach Anspruch 1 , das ain Potyfithylengtycol anthflit, daa an 15 bla 80% dar 
8-Amlnogruppen des Lyslnrestes im Lymphoklnantelt gebunden Ist. 

29 16. Verfahren zur Herstallung ainea chemisch modlflzlartan Lymphoklns, das eIn Polyflthytenglycol der 
Formel 

R40CH,CHr)!r 

so worin R elne Schutzgruppe fOr das endstMndige Sauerstoffetom ist und n fOr elne wflhibare positive ganze 
Zahl steht direkt an wenigstens sine primire Aminogruppe des Lymphoklnantella gebunden enthfltt 
welches Verfahran die Umaetzung etnas Lymphoklns mit einem Atdehyd der Formel 

RHK)-CHaCHr»iPTO-CHaCH0, 

worin R und n die vorstehand angefOhrte Bedeutung besitzen, fn Goganwart eines Redukdonsmlttats 
umfaSt 

18. Verfahren nach Anspruch 15, worin die Reaktton in dar N&he dea Neuualberelches durchgefOhrt 
wlrd. 

40 171 Verfahren nach Anapruch 15, worin das Reduktlonsmittal Natriumcyanborhydrid Ist 



Ravendteatlons 

48 1, Lymphoklne chlmtquement modiflte ayant du polydthyldneglycol de fbrmule: 

^KI-CHaCHg^B 

dans laquelle R est un groupe protecteur de I'atome d'oxygdne terminal et n eat un nombre entler posltif 
so lalssd au chobc, IM directement h au molna un groupe amino primalre du fragment lymphoklne. 

2. Lymphoklne modffi^ salon la revendlcation 1, dans laquelle le fragment lymphoklne a una masse 
mol4culalre comprise entre 5000 et 50 000. 

3. Lymphoklne modffl^ salon la revendlcation 2, dans laquelte te fragment lymphoklne a une mease 
motteulaire comprise entre 10 000 et 30000. 

M 4. Lymphoklne modlflte selon la revendlcation 1, dans laquelte le fragment lymphoklne est un 
Interferon, l'lntBrieuMne-2, un factaur de diffdrenciation de macrophage, un fecteur d'actlvation de 
macrophage, ou une aubstance simlialra en structure et en activity physlologlque A ces substances. 

5. Lymphoklne modtfl^e selon la revendlcation 1, dana laquelte le fragment lymphoklne est 
rinterf4ron-€U I'lnterfdron^p, nmerf^ron-y, rtnterfidron-Yd2, rtnterfdron-Yd3 ou rimerieuklne-2. 

so 8L Lymphoklne modify selon la revendlcation 1, dans laquelte le fragmem lymphoklne act 
rinterf6ron-a 

7. Lymphoklne modlflte selon la revandtcation 1, dans *«quQlte )e fragment lymphoklne oat 
rinterf*ron-Y. 

8. Lymphoklne modlflte selon ta revendlcation 1, dana laquelle le fragment lymphoklne est 
as rinterteuklne-2. 
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9. Lymphokine modlflde selon la revendlcatlon 1, dans taquelle la poly^hyl^neolycol a une masse 
moltoilaffB oorrespondant h ^% h 10% do la masse moldculafre du fragment Iv^pholdne. 

10. Lymphokine modfflie selon la revendicatlon 1, dans (aquelle le polydthyldneglycol a une masse 
molteulaire comprise entre 350 at 6000. 

5 11. Lymphokine modWde selon la revendicatlon 1, dans laquefia R est un alkyle ou un alcanoyle. 

12. LymphoWne modlflde selon la revendicatlon 1, dans laquelle n est un entier posWf comprfs entre 7 
et 120. 

13. Lymphokine modifide selon le revendication 1, dans laquelle le groupe amino primaire est le 
groupe a-amino de I'extrdmltd N-terminaie ou le groupe e-amino d'un rests lysine dans le fraament 

fii Jymphokine. 

14. Lymphokine modlflde selon la revendicatlon 1, qui a du polydthyldneglycol 114 d 15% k 80% des 
groupes «-amlno du reste lysine dans le fragment lymphokine. 

1 6, Proc4d4 de prdparatlon d'une lymphokine chlmiquement modlflde ayant du polydthyidneglycol de 
formule: 



/5 



dans laquelle R est un groupe protecteur de I'atome d'oxygdne terminal et n est un nombre entier posltSf 
l^issa au choix, 114 directement h au molna un groupe amino primaire du fragment lymphokine, qui 
20 comprend la rdactton d'une lymphokine avec un alddhyde de formule: 

R4O--CHaCHrW)--CHtCH0 

dans laquelle R et n sont tels que d4flnl8 d-dessus, en presence d'un agent rdducteur. 
w 18. Proc4d4 selon la revendicatlon 15, dana lequei ta rdactlon est r4alis4e au voislnage de la neutrallt6. 
17. Proc4d4 selon la revendicatlon 15, dans tequel I'agent rdducteur est du cyanoborohydrure de 
sodium. 
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